Introduction {#S0001}
============

Anal fistula is a benign inflammatory disease which develops in approximately 10 in 100 000 adult patients, particularly in men (men-women ratio is 4:1), usually in the fourth decade of life^([@CIT0001],\ [@CIT0002])^. The etiopathogenesis of the disease has not been entirely explained. The inflammatory factor is frequently believed to play a role, i.e. inflammation of anal glands and crypts that in 60% of patients, leads to the development of an abscess which transforms into a chronic form with a fistula. Treating fistulae may be associated with a severe risk of damaging the anal sphincters which manifests as the lack of control over passing gas and stool (incontinence). This happens in as many as 64% of patients following surgeries^([@CIT0003]--[@CIT0005])^. The highest risk of incontinence concerns patients with high fistulae i.e. fistulae which run on more than 1/3 of the external sphincter\'s length what concerns trans-sphincteric and intersphincteric fistulae and all suprasphincteric and extrasphincteric ones. Also surgery for complex fistulae, i.e. branched ones, carries a high risk of incontinency due to a high probability that the surgery will not be complete and another operation will be necessary (i.e. sphincterotomy)^([@CIT0002])^. The data on the prevalence of individual types of fistulae are discrepant. High trans-and intersphincteric fistulae account for 21--30% of all anal fistulae, and suprasphincteric and extrasphincteric ones constitute 3--31% of all types^([@CIT0006])^. The only way to reduce the occurrence of the complications mentioned above is to apply a surgical method adjusted individually to the type of a fistula, also considering its position, presence of branching, recurrent character, presence or absence of internal opening, patient\'s sex (particularly in the case of problematic anterior fistulae in women) as well as morphological and functional condition of the sphincters.

The preoperative diagnosis of anal fistulae involves using two imaging methods, i.e. endosonography (anorectal endosonography, AES) and magnetic resonance imaging (MRI). The majority of fistulae are diagnosed in AES, but MRI, due to its high cost, is used practically solely when high, recurrent, or particularly branched fistulae. Another indication for MRI are inconclusive results of the AES or inconsistent with the clinical assessment. Such a procedure is also followed in our reference center. MRI is superior to AES in the fact that it enables differentiation of tissues, including identification of active inflammatory lesions and their differentiation from scars (recurrent fistulae and posttraumatic lesions) as well as in its ability of multiplanar imaging.

In the available literature, AES and MRI have been compared in terms of their accuracy to differentiate between individual types of fistulae as well as the ability to visualize their branches and internal openings^([@CIT0007]--[@CIT0011])^, whereas what seems to be the most important for planning surgical procedures and estimating the risk of postoperative incontinence is the height of fistula. The aim of this paper was to compare AES and MRI in preoperative assessment of the height of fistulae, as verified in a surgical picture.

Material and methods {#S0002}
====================

Retrospectively, the results of AES and MRI examinations performed in 14 patients (4 women and 10 men) in 2011--2012 with high anal fistulae diagnosed intraoperatively were compared. The patients' age ranged from 23 to 66 (mean 47 years of age). In 9 patients, fistulae were of cryptoglandular origin, and in 5 cases, they developed in the course of Crohn\'s disease.

The AES examinations were performed with the use of a BK Medical Pro Focus system with endorectal 3D transducers with the frequency of 16 MHz. The MR scans were performed using a Siemens Avanto 1.5 T scanner with a surface coil in T1, T1FS, FLAIR, T2 and T1 after administration of a contrast medium sequences in transverse, sagittal and coronal planes.

The levels of sensitivity and specificity were calculated for each of the methods. A surgical treatment served as a method for verification. The agreement of each method with the intraoperative assessment and the agreement of AES with MRI were compared in terms of the assessment of the fistula type according to Parks classification^([@CIT0012])^, localization of its internal opening and presence of branching. The agreement of MRI and AES with intraoperative assessment as well as the agreement of MRI with AES was determined by calculating the rate of agreement and Cohen\'s coefficient of agreement, κ. The values of κ coefficient were interpreted in the fashion suggested by Fleiss *et al*. ^([@CIT0013])^, where κ \< 0.40 means poor agreement, the values of 0.40--0.75 indicate moderate or good agreement and the values \>0.75 indicate high agreement.

All patients gave written consent to the participation in the study.

Results {#S0003}
=======

Comparative assessment of AES and MRI in determining the fistula type {#S20004}
---------------------------------------------------------------------

Intraoperative assessment confirmed the presence of 10 suprasphincteric and 4 high trans-sphincteric fistulae. Nine of 14 were correctly diagnosed in AES examination (64%) and 11/14 were correctly diagnosed in MRI (79%) ([tabs. 1](#T0001){ref-type="table"}, [2](#T0002){ref-type="table"}); the sensitivity of AES was 0.64 and MRI -- 0.79. Disagreements in differentiation occurred between suprasphincteric and high trans-sphincteric types, and in one case, between a high trans-sphincteric fistula and a high intersphincteric one. The agreement between AES and MRI in determining the fistula type was observed in 8 cases (57%). The Cohen\'s coefficient of agreement, κ, was \<0.

###### 

Sensitivity and specificity of AES and MRI in anal fistula diagnosis

                                     AES   MRI                                           
  ---------------------------------- ----- -------------------------------------- ------ --------------------------------------
  Fistula type                       64%   \-[\*](#TF0001){ref-type="table-fn"}   79%    \-[\*](#TF0001){ref-type="table-fn"}
  Localization of internal opening   63%   67%                                    50%    33%
  Branching                          75%   57%                                    100%   71%

Determining the value of specificity is impossible due to the absence of false negative cases.

###### 

Comparison of AES and MRI in anal fistula diagnosis

                                     Agreement between AES and intraoperative assessment   Agreement between MRI and intraoperative assessment   Agreement between AES and MRI                                               
  ---------------------------------- ----------------------------------------------------- ----------------------------------------------------- ------------------------------- ------------------------------------- ----- ------
  Fistula type                       64%                                                   0[\*](#TF0002){ref-type="table-fn"}                   79%                             0[\*](#TF0002){ref-type="table-fn"}   57%   \<0
  Localization of internal opening   65%                                                   0,29                                                  41%                             \<0                                   53%   0,07
  Branching                          67%                                                   0,32                                                  87%                             0,74                                  67%   0,29

κ coefficient is not determined in a correct way due to the absence of negative cases.

Comparative assessment of AES and MRI in identifying the internal opening of a fistula {#S20005}
--------------------------------------------------------------------------------------

In this study, 17 internal openings were analyzed, including 3 additional ones in patients with suspected complex fistulae having more than one internal opening. The surgery revealed 8 internal openings. In 6 cases, fistulae were blind and the presence of 3 fistulae with multiple openings was not confirmed. The agreement between AES and the surgery was observed in 11 cases (65%), and no agreement was seen in 6 cases including 3 false positive and 3 false negative diagnoses (sensitivity 63%, specificity 67%, κ = 0.29) ([tabs. 1](#T0001){ref-type="table"}, [2](#T0002){ref-type="table"}). The agreement between MRI and the surgery was observed in 7 cases (41%); no agreement was seen in 10 cases including 4 false negative and 6 false positive diagnoses (sensitivity 50%, specificity 33%, κ \< 0). The agreement between AES and MRI in the diagnosis of internal openings was observed in 9 cases (53%); κ = 0.07 ([figs. 1](#F0001){ref-type="fig"}, [2](#F0001){ref-type="fig"}).

![Posterior high trans-sphincteric fistula branching to the right and left of the apex of the ischiorectal fossa observable in AES and MRI (**1 A, 2 A**), with its internal opening localized medially and posteriorly in AES and MRI (**1 B, 2 B**)](JoU-2014-0014-g001){#F0001}

Comparative analysis of AES and MRI in the assessment of fistula branches {#S20006}
-------------------------------------------------------------------------

The analysis involved 15 branches, including single branching in 14 patients and 2 branches of a high trans-sphincteric fistula in one patient. During the surgery, 8 branched fistulae (the single case with multiple branches was not confirmed) and 6 simple ones were identified. The 6 branches diagnosed intraoperatively were visualized in AES and 8 in MRI.

AES erroneously diagnosed 3 additional tracks and MRI erroneously diagnosed 2. AES failed to diagnose 2 branches, whereas in MRI, no false negative cases were observed ([figs. 3](#F0002){ref-type="fig"}, [4](#F0002){ref-type="fig"}). The agreement between AES and the surgery was 67% (sensitivity 75%, specificity 57%, κ = 0.32) ([tabs. 1](#T0001){ref-type="table"}, [2](#T0002){ref-type="table"}). The agreement between MRI and intraoperative findings was 87% (sensitivity 100%, specificity 71%, κ = 0.74). The agreement between MRI and AES in diagnosing branched fistulae was observed in 10 cases (67%); κ = 0.29.

![Suprasphincteric fistula on the right wall in AES and MRI (**3 A, 4 A**) with the internal opening localized medially and anteriorly (**3 B, 4 B**). AES failed to identify a high track within the right branch of the puborectalis muscle (**4 C**). The defect of 1/3 of the anterior circumference of the internal sphincter in the medial part of the canal is better visible in AES than in MRI (**3 B**)](JoU-2014-0014-g002){#F0002}

Discussion {#S0007}
==========

The most common cause of fistulae is a developing infection of the anal crypt. Fistulae may also develop in the course of Crohn\'s disease, neoplasms, tuberculosis, actinomycosis, after radiotherapy, chemotherapy and in immunodeficiency disorders. Another cause of fistulae are injuries, both iatrogenic and associated with introducing a foreign body to the anus^([@CIT0014])^. The diagnostic process begins with a conventional anorectal examination. Frequently, it also includes an abdominal US examination, which is successfully used by some examiners in assessing bowel pathologies, including Crohn\'s disease^([@CIT0015]--[@CIT0017])^. In the centers specializing in treating anal fistulae, the standard additional examination, performed to qualify patients to surgical treatment, is currently AES. This method is fully satisfactory in diagnosing low fistulae, which constitute the majority of all anal fistulae (50--70%) and rarely require performing supplemental MRI scans. In high fistulae, particularly branched or recurring ones, ultrasound images are sometimes difficult to interpret irrespective of the fistula type and its etiology (however, the images are particularly problematic in Crohn\'s disease). This results from lesions extending through several anatomic compartments as well as from the presence of other tracks (branches), including high ones, and scars (in recurrent fistulae), the echogenicity of which is identical to or resembling that of fistulae. In such cases, an MRI scan is indicated^([@CIT0018]--[@CIT0020])^.

In the recent years, many reports on anal fistula diagnosis have been published, also comparing AES to MRI^([@CIT0007]--[@CIT0009],\ [@CIT0021]--[@CIT0023])^. The sensitivity of these methods have been found comparable, but the specificity was higher for MRI due to the application of various sequences and contrast enhancement. Our studies demonstrated that MRI is superior to AES in assessing the type and branching of fistulae, and that AES is superior to MRI in diagnosing internal openings. In assessing the fistula type, the sensitivity of AES was 64% and of MRI -- 79%. In assessing branches, the sensitivity and specificity of AES amounted to 75% and 57%, and in the case of MRI the values were 100% and 71%, respectively. In assessing the internal opening of fistulae, the sensitivity and specificity of AES were 63% and 67%, and in the case of MRI the values were 50% and 33%, respectively.

In the studies conducted by Maier *et al*. ^([@CIT0007])^, the sensitivity of MRI and AES in identifying the type of fistulae amounted to 84% and 60% respectively, and the respective values for specificity were 68% and 21%. The number of false positive cases was three times higher in AES than in MRI. Similarly, in the study of Hussain *et al*. ^([@CIT0008])^, the accuracy of MRI was superior to AES (64% *vs*. 36%). Lunniss *et al*. ^([@CIT0024])^ also demonstrated the superiority of MRI (85% *vs*. 65%), but the difference was not statistically significant. On the other hand, Orsoni *et al*. ^([@CIT0025])^ showed a considerably higher effectiveness of AES compared to MRI (82% *vs*. 50%). In the authors' own material, the differentiation of high trans-sphincteric fistulae from suprasphincteric ones was problematic, presumable due to the oblique course of the puborectalis muscle in relation to the transverse plane of imaging. Maruyama *et al*. ^([@CIT0026])^ suggested a similar explanation. From the practical point of view, an error of this type has no serious clinical implications since the technique of surgical treatment applied in all these fistula types is identical.

One of the basic factors causing a fistula to recur is the failure to find and, consequently, to remove its inner opening^([@CIT0027],\ [@CIT0028])^. Identifying internal openings is problematic both in AES and in MRI as lesions in the layer of the mucous membrane^([@CIT0029]--[@CIT0031])^. The results of studies on the relevance of endosonography in localizing internal openings are highly discrepant and the percentage of agreement ranges from 11% to 87.5%. In the authors' own study, more openings were diagnosed by means of AES. A large number of false diagnoses, including 3 false positive and 3 false negative cases in AES and 4 false negative and as many as 6 false positive cases in MRI, are alarming. It indicates that this significant element of the image cannot be assessed in a reliable way either in AES or in MRI, and the intraoperative assessment is the conclusive one.

In the authors' study, MRI proved more accurate in visualizing branches. As in internal openings, a fistula may recur when its branches are not found and left untreated during the surgery and consequently, another surgical procedure is needed. However, determining the genuine value of the assessment of branches in AES and MRI is problematic. Apart from the fact that MRI is more accurate in such an assessment ([fig. 5](#F0003){ref-type="fig"}), there are reasons to assume that not all branches visible in AES and MRI are identified during surgeries (in particular supralevator branches), which was also noted by other authors^([@CIT0032]--[@CIT0034])^. In this study, the intraoperative assessment failed to confirm the presence of 3 branches visible in AES and 2 tracks observed in MRI scans.

![Anterior intersphincteric branch of suprasphincteric fistula (**A, B**); the anterior course of the branch towards the intestinal loop to the depth of 14 cm from the anal verge was visible only in MRI (**C**)](JoU-2014-0014-g003){#F0003}

In the study of Lunniss *et al*. ^([@CIT0024])^ that compared AES and MRI in terms of differentiating simple from complex fistulae, MRI proved to be more accurate (100%). AES failed to identify 75% of supralevator and 50% of ischiorectal fistula branches. Buchanan *et al*. ^([@CIT0018])^ demonstrated the superiority of MRI over AES in determining the type of fistula and in visualizing its branches, but AES occurred to indicate the localization of the internal opening more accurately (the same observation was made in the authors' own study). Toyanaga *et al*. ^([@CIT0035])^ obtained very good results for AES -- the accuracy of this method amounted to 88.8% in identifying the type of fistula, 85.7% in assessing horseshoe fistulae and 89.5% in determining the localization of internal openings.

In the authors' own study, interobserver variability was not assessed. All examinations were analyzed by two radiologists simultaneously (IS-S, AW). The fact that the person who performed the AES examinations also interpreted the MRI scans and compared the results is a strong aspect of this study. The result of the MRI examination is, then, an added value. Despite this, it was not always consistent with the intraoperative assessment. The discrepancies between the findings of AES and MRI and the intraoperative verification resulted from the limitations of the method, particularly in terms of the identification of the fistula type and internal opening. Since it is not possible to verify all diagnoses intraoperatively, the genuine value of these methods in identifying fistula branches may, in fact, be higher. Performing another MRI scan or further follow-up of patients in terms of the recurrence might be a good solution.

Conclusions {#S0008}
===========

Magnetic resonance is a more accurate method than endosonography in determining the type of high fistulae and allows a greater number of branches to be detected.In assessing the internal opening, endosonography proved more accurate.The agreement between the two methods ranges from 53 to 67%; the highest level of agreement was noted for the assessment of branching.

Conflict of interest {#S0009}
====================

Authors do not report any financial or personal links with other persons or organizations, which might affect negatively the content of this publication and/or claim authorship rights to this publication.
